This work presents empirical evidence of the main challenges in managing/leading academic research groups on clean and green technologies in Brazilian universities. We also present evidence about the main barriers to the effective creation of innovation and technology transfer of these clean and green technologies. Empirical evidence come from PhD researchers/academics who lead/manage official research groups on clean (environmental, green) technologies. Results show the following: (a) The main challenges of managing research groups are the lack of an innovative culture, the lack of partnership with an industrial sector, and the necessity of keeping laboratories updated; (b) the main barriers to innovation and technology transfer are difficulties in not having enough researchers and staff members, assessments of academic performance that do not consider innovation, and an uncertain national legislation on clean technology. Based on these and others' findings, we suggest that policymakers working on clean and green technologies pay attention to act and develop initiatives focusing on the following: providing direct financial support for laboratory improvement, linking academics and practitioners from the industrial sector, and providing training and development programs on clean and green technologies' legislation and financial issues, such as the payoff of clean and green technologies and opportunities from green investors.
Introduction
The current environmental context contains challenges, as climate change is positing clean and green technologies as a popular subject to be researched by universities around the world (Flamos, Georgallis, and Psarras 2010) . In Brazil, it is not different; in fact, it is common to find calls for proposals and other incentives from official funding agencies attempting to support research groups on clean and green technologies based at universities. However, in this context, little is known about the following:
• The main challenges, from the perceptions of research group members, that research groups face on clean and green technologies at Brazilian universities.
• The main barriers that can hamper new and innovative clean and green technologies and how they are transferred to the market.
Thus, the main objective of this work is to present empirical evidence on the challenges of managing clean and green technologies research groups and the barriers that can hamper the innovative potential and transfer to the market. This subject is relevant not only to emerging economies (Namanya 2008 ) but also to developed countries aiming to transfer clean and green technologies to developing countries (Bygrave 1997) .
In this research, clean (environmental) technology can be defined as the continuous improvement of processes, products, and services derived from the conservation of raw materials and energy and leading to the reduction of toxic substances, waste, and emissions within the production cycle (Kuehr, 2007) .
At this moment, some authors (Clausen et al. 2012; Suzuki 2014) have tried to understand similar issues, but they are not focusing on clean and green technologies research groups, nor are they focusing on an emerging country context. Some relevant works in the field are as follows:
• Meijer and Hekkert (2007) found that uncertainty about government policy is crucial when developing new clean and green technologies.
• Staniškis and Stasiškienë (2003) argue that establishing an effective financing mechanism is critical to develop clean and green technologies.
• According to Ockwell et al. (2008) , policymakers should be aware of the challenges of development and transfer of clean and green technologies.. • Clausen et al. (2012) , based on a survey and case studies, discovered that universities provide the most fertile grounds for such research units, and that external support and support from the leadership of the university are important factors behind the establishment of these research units. In the longer term, however, attracting core (basic) finance is essential for each unit's ability to progress.
• Suzuki (2014) described barriers that hamper innovation and the transfer of technologies in developing countries. The author highlighted a lack of the enabling environment in the developing countries as a main barrier in transferring technologies at the diffusion stage. Furthermore, the author emphasized that institutional support for improving the enabling environment and enhancing the capacity of the developing countries is also essential for the successful innovation and transfer of technologies at this stage.
Adapting the work of Clausen et al. (2012) , the main challenges that we consider that can challenge the management of research groups on clean and green technologies are as follows: An empirical research to discover the main challenges and barriers to clean and green technologies from the perception of Brazilian researchers was carried out, as explained below.
Research methodology
This quantitative research is based on an e-survey carried out with Brazilian PhD scholars working and heading official research groups in the field of clean and green technologies in Brazilian research-based universities.
An electronic questionnaire was created on an e-survey website. The researchers were invited to respond to the assertive C1-C17 and B1-B11 through a Likert scale with five points. In the case of challenges (C1-C17), the scale was "1 -noting challenges" to "5 -strongly challenged." Regarding barriers (B1-B11), the scale was "1 -completely disagree" to "5 -totally agree." This survey was conducted with the following details.
Searches through the Brazilian Council for Scientific Research -a database on research groups -were selected using the search terms "clean and green technologies," "green technologies," and "environmental technologies." Thus, it was possible to find the main research groups on this subject. After that, we checked whether the researchers had at least one academic publication regarding clean, green, environmental technologies or similar issues. We sent an e-mail message to more than 100 researchers inviting them to fill out the questionnaire between January and October 2014. After this time frame, we received 33 filled-in questionnaires. The data were analyzed with SPSS 22 (IBM), and we conducted descriptive analyses and Pearson's correlation analysis, as follows.
Research results
First, the results on the challenges of managing clean and green technologies research groups are presented according to the perception of 33 PhD scholars/academics who lead/ work in Brazilian official research groups in Brazil. The Cronbach's alpha for challenges (C1-C17) is 0.917, which can be considered to be high (near 1.0) and to show an adequate level of data reliability. As Table 1 illustrates, the three main challenges indentified based on the average value are in the following order:
• Building a culture of innovation (C13) • Establishing partnerships with the productive/industrial sector (C9) • Keeping updated laboratories/equipment (C17) Table 2 shows the correlations coefficients between C1 and C17, based on Pearson's correlation coefficients. Many correlations are significant.
The stronger correlations are between the following:
• "Keeping updated on forward innovations launched in the market world (trade fairs, exhibitions, shows) (C15)," and "Keeping updated on forward innovations launched in the academic world (papers, books, conferences) (C16)." • "Getting support from other departments/units of the same institution (C11)," and "Getting support from other leading universities/institutions (C12)." • "Dealing with challenges of internal communication/ interpersonal relationships (C14)," and "Keeping updated on forward innovations launched in the market (trade fairs, exhibitions, shows) (C15)."
Regarding the barriers (B1-B11) that, from the researchers' point of view, can hamper the transfer of innovation and technology from universities to the market/industrial sector, the Cronbach's alpha can also be considered adequate (0.858). Table 3 shows the descriptive statistics and the three main barriers, which are, in the following order:
• Lack of staff/skilled researchers (B4)
• High uncertainty about the valuation of the innovative effort by the scientific community (B11) • High uncertainty over national legislation on new technologies (B9) Table 4 shows the correlations coefficients between B1 and B11, based on Pearson's correlation coefficients. Many correlations are significant.
• "High uncertainty over national legislation on new technologies (B9)," and "High uncertainty about the international legislation on new technologies (B10)." • "Perception of high-risk financial investments (B1),"
and "Costs of innovation are too high (B2)." • "Perception of high-risk financial investments (B1),"
and "Lack of financial availability (B3)." 
Conclusions and policy implications
The main purpose of this research is to explore the main challenges of managing clean and green technologies research groups and the primary barriers that can hamper effective and clean innovations and transfer based on the perception of Brazilian PhD scholars working/leading such research groups.
Regarding the challenges, we discovered that it is necessary to pay attention to creating an effective culture of innovation, maintaining partnerships with the productive sector, and keeping laboratories and research equipment updated. It is also necessary to consider that some challenges are highly correlated. For example, it is a challenge to keep a focus on innovations that come from both market and academic sectors. In addition, communication and interpersonal relationships are linked with being updated on market innovations, and having updated laboratories and equipment is linked with receiving financial support from funding agencies. Based on these findings, we suggest that policies for promoting clean and green technologies research groups focus on the following: Helping to create an atmosphere in favor of innovation with real links to the market/productive sector and helping clean and green technologies research groups to get funding to improve their laboratories and equipment. Public policies should also have incentives in the form of putting together joint actions and workshops to connect both academicians and practitioners, which are practices that ultimately connect universities and the market/industrial world. This process will also require support to develop effective communication, strong leadership behavior, and interpersonal skills in the researchers.
Regarding the barriers to innovation and the effective transfer of this innovation to the market, we found that a lack of enough skilled staff and researchers, uncertainty about the valuation of the innovative effort by the scientific community, and uncertainty about the national legislation are key barriers hampering the innovation of clean and green technologies. Policies aiming to promote clean and green technologies should act to create new jobs in Brazilian universities and invest in human resources training, and development. In addition, they should create a broad scientific assessment of researchers, with a valorization of innovative effort and not only of academic publication (for example, there is a strong focus on scientific papers publication). They should also create clearer and more transparent scenarios regarding the legislation of clean and green technologies and promote the diffusion of this knowledge through websites and reports. Policymakers on clean and green technologies should consider that the uncertainty about national legislation could be likened to not having a clear understanding about the international legislation. They also need to act to supply academicians and practitioners with financial information and investment analysis tools, as they have the knowledge of when and how clean and green technologies will pay off. Finally, policymakers can promote workshops and meetings between clean and green technologies research groups, industrial sector, and green investors. 
